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(54) MANUFACTURE OF SEMICONDUCTOR SUBSTRATE 
i* 0 + (57)Abstract: 

I i i PROBLEM TO BE SOLVED: To reduce a transition density present 

at a surface silicon layer of an SIMOX substrate, by performing 
annealing in a reducing atmosphere when an implanted oxygen atom 
reacts with a silicon to produce Si02. 

SOLUTION: An oxygen ion 160+ is implanted to a single-crystal 
silicon substrate 10 by a specified depth using an ion implantation 
device. Thus, a high-concentration oxygen ion implantation iayer 12 
is formed. Here; the amount of implanted oxygen ion is less than 
5 x 1 01 7/cm2. While an oxygen in the high- concentration ion 
implantation layer 12 implanted in a first process reacts with a silicon 
to produce Si02, thermal treatment is performed in a reducing 
atmosphere. After such ion implantation like this, when a 
low-temperature anneal process for thermal treatment in such 
reducing atmosphere as hydrogen at an early stage of thermal 
treatment formed by the Si02 is ended, normal anneal process is performed. A crystal is stabilized with the 
anneal process, and the high-concentration oxygen ion implantation layer changes to an embedded oxide 
film 16. 
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1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3-In the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1]A manufacturing method of a semiconductor substrate characterized by carrying out annealing in 
reducing atmosphere when an oxygen atom poured in in a manufacturing method of a semiconductor 
substrate which forms an embedded oxide film reacts to silicon and serves as Si0 2 by annealing of oxygen 
ion implantation and after that. 

[Claim 2]In a manufacturing method of a semiconductor substrate which forms an embedded oxide film by 
annealing of oxygen ion implantation and after that, A manufacturing method of a semiconductor substrate 
continuing annealing in an inert gas atmosphere which carries out annealing in reducing atmosphere and 
contains oxygen after that when a poured-in oxygen atom reacts to silicon and serves as Si0 2 . 
[Claim 3]A manufacturing method of the semiconductor substrate according to claim 1 or 2, wherein 
annealing by said reducing atmosphere is hydrogen annealing. 

[Claim 4]A manufacturing method of the semiconductor substrate according to claim 1 or 2 performing 
annealing by said reducing atmosphere at less than 1 250 

[Claim 5]!n a manufacturing method of a semiconductor substrate which forms an embedded oxide film by 
annealing of oxygen ion implantation and after that, A manufacturing method of a semiconductor substrate 
carrying out said annealing by low-temperature heat treatment in reducing atmosphere performed 
immediately after oxygen ion implantation, and high temperature heat treatment in inactive gas of oxygen 
content following this. 

[Claim 6]A manufacturing method of the semiconductor substrate according to claim 5 performing said 
low-temperature heat treatment at less than 1250 *#, and performing high temperature heat treatment 
above 1 300 **. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a suitable manufacturing method to manufacture the SIMOX 
substrate which starts the manufacturing method of a semiconductor substrate, especially forms an 
embedded oxide film by oxygen ion implantation into a silicon substrate. 
[0002] 

[Description of the Prior ArtjAithough the SOI (Siiicon-On-Insulator) structure which generally forms on an 
insulator the single crystal silicon layer in which an element is formed is ideal, One of the art which forms 
the insulator layer of Si0 2 in a single crystal silicon substrate has SIMOX (Separation~by™IMplanted 

2 



JPH11-040512 

OXygen). A SIMOX substrate injects high-concentration oxygen ion 0 8 O + ) into a single crystal silicon 
substrate, and forms a high-concentration-oxygen ion implantation layer in the predetermined depth in said 
substrate, Said high-concentration~oxygen ion implantation layer is changed to an embedded oxide film, i.e., 
the insulator layer of Si0 2 , by annealing this in the atmosphere of oxygen/argon at the temperature of 
1 1 00~1 350 *# for several hours. Such a SIMOX substrate has an advantage which can be used as the active 
region layer of uniform thickness without carrying out polishing work of the surface single crystal silicon 
layer like a lamination wafer. 
[0003] 

[Probiem(s) to be Solved by the InventionlBy the way, although oxygen ion implantation is performed to a 
single crystal silicon substrate as mentioned above and the rearrangement which exists in an active silicon 
layer affects the characteristic of devices produced there, such as joint leakage, and reliability in the SIMOX 
substrate which forms this embedded oxide film in a substrate by subsequent annealing, In the conventional 
manufacturing method, in the annealing initial stage or the temperature rising step, when the pouredHn 
oxygen atom reacted to silicon and became Si0 2 , the silicon between lattices remained to the active silicon 
layer, this formed the stacking fault, and the problem which is transposed was in annealing. 
[0004] Drawing 2 is the conventional manufacturing method, pours in high-concentration oxygen ion ( ,6 0 + }to 
the single crystal silicon substrate 1, and forms the high-concentration-oxygen ion implantation layer 2 in 
the predetermined depth in said substrate (the figure (1)), Said high—concentration-oxygen ion implantation 
layer 2 is changed to the embedded oxide film 3, i.e., the insulator layer of Si0 2 , by annealing this in the 
atmosphere of oxygen/argon at the temperature of 1100-1350 *# for several hours (the figure (2)). SOI 
layer 4 is formed on the embedded oxide film 3, and this serves as an active silicon layer, the interface part 
of the embedded oxide film 3 is grown up in high-temperature-oxidation atmosphere after that, thick 
filmHzation is attained, and it is made to adjust embedded *^***^*^Mc**** of a silicon pipe (the figure (3)) 
[0005] However, although the superfluous silicon between lattices by which it Is generated when the 
poured-in oxygen atom reacts to silicon and serves as Si0 2 is diffused through SOI layer 4, The SiQ 2 layer 5, 
i.e., an annealing oxide film, is formed in an outermost surface part of the oxygen contained in gas in the 
case of annealing treatment (the figure (2)). Such silicon between lattices will be confined in SOI layer 4, will 
form a stacking fault in a SOI layer, and will shift to a rearrangement finally, 

[0006]An object of especially this invention is to provide the manufacturing method of the semiconductor 
substrate which can realize reduction of the dislocation density which exists in the surface silicon layer of a 
SIMOX substrate. 
[0007] 

[Means for Solving the Prob!em]To achieve the above objects, a manufacturing method of a semiconductor 
substrate concerning this invention, When a poured-in oxygen atom reacts to silicon and serves as Si0 2 in a 
manufacturing method of a semiconductor substrate which forms an embedded oxide film by annealing of 
oxygen ion implantation and after that, it is characterized by carrying out annealing in reducing atmosphere. 
A reaction with silicon of a poured-in oxygen atom, i.e., generating of silicon between lattices, occurs in a 
stage in early stages of annealing. If annealing treatment in inside of reducing atmosphere is continued too 
much, an embedded oxide film decomposes and the early purpose cannot be attained. For this reason, don't 
set annealing by the reducing atmosphere concerned as a Song time. 
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[G0G8]In a manufacturing method of a semiconductor substrate which forms an embedded oxide film in the 
2nd by annealing of oxygen ion implantation and after that, When a poured~in oxygen atom reacts to silicon 
and serves as Si0 2 , annealing is carried out in reducing atmosphere, and it is characterized by continuing 
annealing after that in an inert gas atmosphere containing oxygen. It can be stabilized and a formation 
operation of a continuous embedded oxide film by oxygen supplement in an oxygen-ion-implantation layer 
can be made to perform by this, where silicon between lattices is spread from an oxygen-ion-implantation 
layer,. What, is necessary is just to make switching timing of annealing in inside of said reducing atmosphere, 
and annealing in inside of oxygen content inactive gas correspond to time until a pouredHn oxygen atom 
reacts to silicon and serves as Si0 2 . What is necessary is for timing checked experientialiy actually just to 
determine this. 

[0009]The annealing by said reducing atmosphere should just use hydrogen gas in these cases, and what is 
necessary is just to constitute annealing by said reducing atmosphere so that it may carry out at less than 
1250 Above 1250 a SOI layer formed since the surface is etched will become thin, and it will be 
ruined, fn a case where it furthermore pours in with a low dose (below 5x10 17 crrf 2 ), oxygen ion disappears 
and an embedded oxide film is no longer formed. 

[001Q]In a manufacturing method of a semiconductor substrate in which this invention forms an embedded 
oxide film by annealing of oxygen ion implantation and after that, Said annealing can be considered as 
composition carried out by low-temperature heat treatment in reducing atmosphere performed immediately 
after oxygen ion implantation, and high temperature heat treatment in inactive gas of oxygen content 
following this. In this case, what is necessary is to perform said !ow-temperature heat treatment at less 
than 1250 **, and just to perform high temperature heat treatment above 1300 **. 
[0011] 

[Embodiment of the InventionlThe concrete embodiment of the manufacturing method of the 
semiconductor substrate concerning this invention is described in detail with reference to drawings below. 
[001 2]The manufacturing method of the SOI substrate of this invention is performed as follows. First, it 
heat-treats in the reducing atmosphere of hydrogen gas etc. until the oxygen which performed the ion 
implantation of oxygen in the predetermined depth in a silicon substrate, then was introduced into the inside 
of a wafer by the ion implantation reacts to silicon thoroughly and serves as SiO z . Then, genera! heat 
treatment is performed and an embedded oxide film [ ] is made to form. 

[001 3]It is the explanatory view showing drawing 1 t his concrete composition and in which showing the flow 
of a SIMQX substrate manufacturing process by the typical partial section of a substrate. The 1st process 
is oxygen ion implantation, and it injects oxygen ion 16 0 + into the single crystal silicon substrate 10 at the 
predetermined depth using ion implantation equipment as shown in drawing 1 (1), The 
high~concentration-oxygen ion implantation layer 12 is formed of this. In this case, in order to avoid the 
increase of dislocation density and the fall of the destructive field strength of an embedded oxide film in the 
silicon single crystal layer 14 by the side of the surface from the high-concentration-oxygen ion 
implantation layer 12 concerned, less than 5x10 17 /cm 2 carry out the amount of oxygen ion implantation. 
[001 4] Although the 2nd process is annealing treatment, this comprises two processes, Sow~temperature 
annealing and high temperature annealing, further. The 1st low-temperature annealing makes the inside of a 
furnace full of 100% hydrogen gas as reducing atmosphere, and heat-treats below low temperature from the 
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usual annealing temperature as shown in drawing 1 (2) That is, while oxygen in the 

high-concentration-oxygen ion implantation layer 12 poured in and formed at the 1st previous process 
reacts to silicon and serves as Si0 2 , it heat-treats by reducing atmosphere. In this processing process, it is 
in the state where an oxide film does not exist in the surface of the silicon substrate 10, and the silicon 
between lattices emitted by the reaction with the silicon of oxygen poured in by this can be spread to the 
surface. Therefore, it is sufficient for this low-temperature-hot-water matter annealing to perform only 
between until pouring oxygen becomes Si0 2 by the high— concentration-oxygen ion implantation layer 12, 
[001. 5] After the low-temperature annealing process which heat-treats in atmosphere, such as hydrogen 
which has a reducing action in the initial stage of heat treatment which Si0 2 forms after such an ion 
implantation, is completed, the usual annealing treatment as shown in drawing 1 (2) is performed. This 
puts in a silicon substrate in the furnace of the argon gas atmosphere of 0.5% oxygen tension, carries out 
temperature up to the temperature of 1 350 **, and is performed. Stabilization of a crystal is performed by 
this annealing treatment and a high-concentration-oxygen ion implantation layer changes to the embedded 
oxide film 16. 18 is an annealing oxide film. 

[00 1 6]The 3rd process is high temperature oxidation and heats the single crystal silicon substrate 10 in the 
temperature requirement of not less than 1300 and less than melting point temperature for several hours. 
Although thick fiirrHzation is accepted at less than not less than 1150 #* melting point temperature, in 
order to perform thick filrrrization in practical time, the temperature of high temperature oxidation of not 
less than 1300 ** is desirable. 0 2 gas concentration at this time shall exceed 1%, and shall maintain it at 
within the limits up to 100%. The embedded oxide film increment 20 is formed on the embedded oxide film 1 6 
which this process has by thick fiirrHzation of the embedded oxide film 16, and was formed by said annealing 
process. 22 is the surface oxide film which increased by said high temperature oxidation. 
[0017]In such a manufacturing process, in the heat treatment process by annealing, the superfluous silicon 
between lattices emitted when the poured-in oxygen atom reacted to silicon and became SiG 2 will generate 
a stacking fault in a heat treatment initial process, and will usually be transposed during heat treatment then. 
However, in this embodiment, an oxide film does not exist in the silicon substrate 10 surface in the case of 
low-temperature annealing by the bottom of the reducing atmosphere immediately after pouring of oxygen 
ion. For this reason, the silicon between lattices emitted when the pouredHn oxygen atom reacted to silicon 
can be easily diffused to a substrate face, and can control generating of the stacking fault in the early 
stages of heat treatment. That is, since the wafer surface is maintained at the state where an oxide film 
does not exist while pouring oxygen serves as Si0 2 , formation of the rearrangement resulting from the 
silicon between lattices can be controlled. Therefore, the silicon between lattices with a superfluous surface 
silicon layer can be decreased by introducing the process of heat-treating in atmosphere, such as hydrogen 
which has a reducing action in the initial stage of heat treatment which Si0 2 after an ion implantation forms, 
and, as a result, dislocation density can be made low. 
[0018] 
[Example] 

<Example 1> 1. oxygen ion implantation: The oxygen ion of injection-rate 3.0x10 ' 7 cm~ 2 was injected into the 
single crystal silicon substrate by accelerating energy ISGKeV, and the high-concentration-oxygen ion 
implantation layer was formed in the predetermined depth. 
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2. Hydrogen annealing : annealing temperature was 1200 and was heat-treated for 5 minutes. 

3. High temperature annealing : annealing temperature was 1350 **, it heat-treated for 4 hours in the argon 
atmosphere containing 0.5% of oxygen, and the embedded oxide film was formed. 

4. High temperature oxidation : oxygen temperature was 1350 and 3 time processings were carried out in 
the argon atmosphere containing 70% of oxygen. 

[Q019]<The comparison conventional example 1> 1. oxygen ion implantation: The oxygen ion of 
injection-rate 3.0x10 17 cm~ 2 was injected into the single crystal silicon substrate by accelerating energy 
180KeV, and the high-concentration-oxygen ion implantation layer was formed in the predetermined depth. 

2. Annealing : annealing temperature was 1 350 among the argon atmosphere containing 0.5% of oxygen, it 
carried out for 4 hours and the embedded oxide film was formed. 

3. High temperature oxidation ; oxidizing temperature was 1350 and 3 time processings were carried out 
in the argon atmosphere containing 70% of oxygen, 

[002Q]<Example 2> 1. oxygen ion implantation: The oxygen ion of injection-rate 3.5x10 17 cm" 2 was injected 
into the single crystal silicon substrate by accelerating energy 180KeV, and the high-concentration-oxygen 
ion implantation layer was formed in the predetermined depth. 

2. Hydrogen annealing : annealing temperature was 1200 and was heat-treated for 5 minutes. 

3. High temperature annealing : annealing temperature was 1350 it heat-treated for 4 hours in the argon 
atmosphere containing 0.5% of oxygen, and the embedded oxide film was formed. 

4. High temperature oxidation : oxygen temperature was 1 350 and 3 time processings were carried out in 
the argon atmosphere containing 70% of oxygen. 

[002l]<The comparison conventionai example 2> 1. oxygen ion implantation: The oxygen ion of 
injection-rate 3.5x10 17 crrf 2 was injected into the single crystal silicon substrate by accelerating energy 
1 SOKeV, and the high-concentration-oxygen ion implantation layer was formed in the predetermined depth. 

2. Annealing : annealing temperature was 1 350 among the argon atmosphere containing 0.5% of oxygen, it 
carried out for 4 hours and the embedded oxide film was formed. 

3. High temperature oxidation : oxidizing temperature was 1350 and 3 time processings were carried out 
in the argon atmosphere containing 70% of oxygen. 

[Q022]The result of the dislocation density of the surface silicon layer of the above Examples 1 and 2 and 
the comparison conventional examples 1 and 2 is shown in the following table. 
[Table 1] 









mmmi 


>3X1 0" cm' 2 


3X10* cm"* 


mmm2 


2 X 1 0 s cm" 2 


3 XiO ! cm - * 



[0023] 

[Effect of the InventionjSince it constituted according to the manufacturing method of the semiconductor 
substrate concerning this invention so that annealing might be carried out in reducing atmosphere until the 
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poured-in oxygen atom reacted to silicon and became Si0 2 as explained above, When becoming Si0 2 , the 
emitted superfluous silicon between lattices is diffused outside, and the effect that the dislocation density 
of the surface silicon layer of a silicon substrate can be reduced greatly is acquired. 
[Brief Description of the Drawings] 

[Drawing 1]It is a manufacturing process figure of the semiconductor substrate concerning this embodiment. 

[Drawing 2jl t is a manufacturing process figure of the conventional semiconductor substrate. 

[Description of Notations] 

10 Single crystal silicon substrate 

12 High-concentration-oxygen ion implantation layer 

14 Surface silicon single crystal layer 

16 Embedded oxide film 

18 Annealing oxide film 

20 A part for an embedded oxide film increase film 
22 Increase surface oxide film 



[Translation done.] 
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